An alteration of ten degrees Celsius in environmental temperature significantly alters the mortality from severe established Escherichia coli and Staphylococcus aureus infection in mice. Many patients with severe infection are nursed in wards without air conditioning. It is suggested that even modest levels of environmental stress may influence their recovery.
Climatic vanatIOns in the severity of infections may be due to some extent to the influence of the weather on host physiology and resistance mechanisms. 1 For example, experimental streptococcal infections in mice vary in severity with the season, severe infection resulting from streptococcal aerosol administration in winter and spring whereas the same exposure in summer and autumn does not result in disease. 2 A cold environment also impairs resistance to salmonella and staphylococcal infections. 3 An unduly warm environment may also affect survival. Mice with E. coli infection 4 maintained at an environmental temperature of 30·C during the whole period of infection have a higher mortality than those mice kept at a temperature of 20°e.
In many surgical wards, patients suffering from severe bacterial infections may be nursed in non air-conditioned rooms where environmental temperature may vary by 10°C or more, depending on climatic conditions. This study was undertaken in response to a very relevant question. If a patient is already suffering from an established severe infection, will the environmental temperature at which he/she is subsequently nursed influence the prognosis?
Examples of common bacteria causing Gram-negative and Gram-positive infections were selected for their relevance to surgical infection.
MATERIALS AND METHODS Escherichia coli experiment E. coli were isolated and identified (API Profile 1044112) from fresh mouse faecal material. The isolate of E. coli was grown in nutrient broth at 37°C for 26 hours, centrifuged, and then washed three times in normal saline. Next, the bacteria were concentrated by centrifugation and resuspended in normal saline for injection. Sub-samples of the bacterial suspension were diluted and cultured on nutrient agar medium for estimating the number of viable cells following the method described by Miles et af.5
An inbred strain of white mice (BALB/c) were bred and grown to a weight range of 23-27 g by the author. It has previously been determined (unpublished data) that there is no significant difference in mortality between male and female mice of this strain from E. coli or S. aureus infection: therefore both males and females were used in this study.
Prior to experimental infection, all mice had been housed in a temperature-controlled environment at approximately 22·C. After intraperitoneal injection of sufficient E. coli to predictably produce severe infection, mice were divided into four groups of equal number. A total of 240 mice were infected in three similar experiments which required 80 mice each, with 20 per group.
Group A mice were kept at 30·C for the duration of infection. Group B mice were kept at 30·C for the first six hours by which time early signs of disease, such as ruffling of hair and increased huddling, were observed. These mice were then transferred to a temperaturecontrolled environment chamber (Controlled Environments of Pembina, N.D., U.S.A.) maintained at a temperature of 20·C for the remainder of the experiment. Group C mice were kept at 20·C for the whole experiment and group D mice spent the first six hours at 20·C, then were transferred to a 30·C environmental chamber.
Staphylococcus aureus experiment
Exactly the same method was used as described for the E. coli experiment except that another 240 mice were inoculated with a suitable preparation of S. aureus (obtained from a patient with a breast abscess) before separation into the similar four groups for study.
RESULTS

E. coli infection
Bacteraemia, proven by blood culture, was produced by the intraperitoneal injection of bacterial cells. Mice kept at an environmental temperature of 30·C for the whole period of infection (Group A) suffered a mortality of 55% from bacteraemia, proven by blood culture in every case. The mice which were transferred to the 20·C chamber after six hours, when signs of illness were observed (Group B), had a mortality of 21.6%. Statistical analysis showed a Chi square value of 14.101 which represents a reduction in mortality significant at the 1 % level with P < 0.01.
The mice kept at 20·C for the duration of the experiment (Group C) had a mortality of 11.6%. The group of mice transferred from the 20·C chamber to the 30·C environment after six hours (Group D) had a mortality of 41.6% which is significantly greater than for Group C (20·C for the whole period) with P < 0.01 and Chi square value of 13.8068.
When the results of individual experiments were examined, the results were consistent and Chi square analysis was performed for all groups studied. These figures are tabulated in Table 1 . S. aureus infection Mice in Group A, kept at 30·C throughout the study, had a mortality of 26.6% from bacteraemia, proven by blood culture in all cases. In Group B, animals Which had been transferred from 30·C to 20·C six hours after inoculation, only 5% died from bacteraemia. This decrease in mortality was significant with P < 0.005 and Chi square value of 9.732.
Those mice (Group C) kept at 20·C for the whole period of study had a 5% mortality. The animals of Group D, which were transferred from the 20·C environmental temperature to a 30·C chamber, did not fare so well as 18.33% of them died. This increase in mortality was significant (P < 0.025 and Chi square value of 5.1752). The numbers of bacterial cells injected in each of the three experiments were 0.69 X 10 9 , 0.76 X 101 9 and 0.78 X 10 9 s. aureus cells per mouse. The results of the three experiments were consistent. These results and statistical analysis of differences between all groups are summarised in Table 2 . 
DISCUSSION
When mice with E. coli infection were transferred after six hours from an environmental temperature of 30 0 e to a cooler 20 o e, the mortality fell significantly from 55% to 21.6%. Those initially at 20 0 e and moved to 30 0 e had a significantly higher mortality of 41.6% as against 11.6% for those mice remaining at 20 D e throughout the duration of infection.
The mortality pattern with S. aureus infection was similar; a reduction of mortality from 26.6% to 5% was achieved by lowering environmental temperature from 30 0 e to 20°e. Mortality was increased from 5% to 18.3% among mice transferred from 20 0 e to the warmer 30 0 e environment.
The results of this study suggest that commonly experienced changes in the environmental temperature may affect the chances of recovery from serious bacterial infection.
It is well recognised that there are many differences between mice and man. However, the principles demonstrated in mice may be applicable to man. Prior to this study colonic temperatures were measured in healthy mice and were found to be 37.15±0.24°e at 4 p.m. A study of mouse temperatue responses to infection was undertaken (in preparation). However, it is pertinent to this discussion to emphasise several points. There was no evidence of hyperpyrexia in the series and mice kept at 30 0 e had a less marked pyrexial response to infection. This is consistent with the statement 6 that the widespread occurrence of fever, an energetically expensive phenomenon, is further support for the hypothesis that fever is beneficial to the infected host.
Environmental stress may influence survival in the old and weak, as heat waves take their toll. Nevertheless, it is not so commonly realised that such small differences in environmental temperature, which one may think unimportant, are in fact relevant. The same small increases above optimal temperature that alter mortality from infection have been found to influence survival in experimental injury. It was stated 7 that an optimal environmental temperature for survival after various forms of injury has been reported from many laboratories for various species. This optimal temperature is always below the thermo-neutral zone, which for semi-nude man is 28°e to 30°e.
Overall mortality among elderly and chronically ill hospitalised patients has also been shown to be dependent on the ambient temperature. MacPherson kept a careful record of the number of deaths occurring in Lidcombe Hospital each day.8 At the same time the temperature prevailing each day at the hospital was measured and recorded. Analysis of the results for the whole year showed that the mortality was highly temperature-dependent, with a minimum death rate in the temperature interval 21 °e to 26°e.
In 1974 MacPherson 9 wrote 'It is of the utmost importance to control as closely as possible the air temperature in hospitals, more Anaesthesia and Intensive Care. Vol. /6. No. 3, August, /988 particularly in intensive care and resuscitation wards and other departments where the critically ill are cared for.' Fourteen years later, for well funded hospitals this advice may have become a reality, but for many less fortunate it is still a dream.
